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RECONFIGURATION  OF  THE  HORIZONTAL  BEAMFORMER 

(C)  The  baseline  implementation  for  the  horizontal  beam- 

former  involves  a change  in  the  sampling  rate.  The  new  sampling 
rate  and  the  mean  propagation  delay  vary  with  beam  steering. 

The  resampling  involved  has  been  shown * to  produce  spurious 
responses  which  may  fall  anywhere  in  the  band.  The  change  in 
delay  with  steering  produces  a discontinuity  in  the  signal  which 
must  be  corrected  prior  to  the  correlator.  It  may  be  possible 
to  sufficiently  reduce  the  spurious  responses  by  providing 
adequate  interpolation  in  the  resampling  process.  It  may  also 
be  possible  to  satisfactorily  compensate  for  the  delay  discon- 
tinuity. 

(C)  However,  if  it  is  technically  and  economically 

feasible,  it  would  be  preferable  to  eliminate  the  problems  at 
the  source.  This  means  that  the  horizontal  beamformer  should 
be  redesigned  in  such  a way  as  to  have  a constant  sampling 
rate  (equal  to  the  sampling  rate  in  the  vertical  and  sub-array 
beamformers)  and  a fixed  mean  delay.  The  constant  output 
sampling  rate  would  also  make  consideration  of  an  all-digital 
interface  to  the  digital  signal  processor  more  feasible. 
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(C)  One  such  technique  has  been  studied  by  GD/E.  The 

basic  concept  is  shown  in  Fig.  1.  Each  sub- array  output  is 
delayed  in  a delay  channel  similar  to  those  used  in  the  vertical 
and  sub- array  beamformers.  The  delayed  sub- array  outputs  are 
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selected  and  svmmed  to  produce  the  desired  horizontal  beams. 
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The  horizontal  beamformer  thus  follows  the  same  design  philos- 
ophy as  the  vertical  and  sub- array  beamformers-- the  individual 
Inputs  are  delayed  and  then  summed.  This  Is  considerably  more 
expensive  than  the  sun  and  delay  baseline  approach. 

(C)  The  alternate  method  shown  In  Fig.  2 should  be  con- 

sidered for  feasibility  and  cost.  The  sum  and  then  delay  method 
Is  an  economical  method  of  forming  horizontal  beams.  The  prin- 
cipal problem  in  the  present  application  of  this  technique  is 
the  use  of  a variable  sampling  rate.  Any  given  horizontal  bean 
can  be  readily  formed  using  a sun  and  delay  technique  at  a 
fixed  sampling  rate.  If  a family  of  horizontal  beams  is  formed 
covering  180°  at  a given  depression  angle  and  spaced  in  such 
a way  that  the  peak  of  one  beam  coincides  with  the  first  null 
of  the  beam  on  either  side,  then  any  intermediate  beam  can  be 
formed  by  interpolation.  This  would  require  about  180  beams 
at  3000  Hz  with  the  baseline  array. 

(C)  The  storage  required  to  form  180  fixed  beams  is  not 

greatly  different  from  that  required  to  form  the  present  150 
beams.  The  present  design  requires  that  any  beam  be  steerable 
in  any  direction.  Thus,  the  delay  storage  is  a total  of  about 
30  ms  for  each  beam.  In  the  proposed  configuration,  the  full 
30  ms  delay  would  be  required  only  for  those  fixed  beams  near 
endfire.  Beams  near  broadside  would  need  only  about  15  ms 
total  delay.  (A  broadside  beam  can,  of  course,  be  formed  with 
no  delay  at  all.  However,  the  mean  delay  for  all  beams  must 
be  the  same  for  the  interpolation  process  to  work  properly.). 
Thus,  the  increased  storage  for  the  30  additional  beams  is 
offset  by  the  reduced  storage  requirement  for  beams  away  from 
i I endfire . 
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Fig. 2 

-and-Delay  Fixed-Beam  Beamformers  with  Output  Interpolation 
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(C)  Note  also,  that  the  switching  In  the  Interface  between 

the  fixed  beam  HBF's  and  the  SBF's  is  eliminated  as  is  the 
equipment  for  programming  changes  in  • All  horizontal  steering 
and  stabilization  is  now  done  by  switching  and  interpolating 
at  the  output  of  the  fixed  beam  HBF's. 

(C)  It  is  the  design  of  this  switch  that  poses  the 

greatest  problem  of  feasibility.  Assming  that  the  switch  is 
feasible,  the  incremental  cost  of  adding  additional  output  beams 
is  just  the  cost  of  the  switch. 

(C)  One  possible  method  for  implementing  the  switch  and 

associated  interpolator  is  shown  in  Fig.  3.  The  composite 
horizontal  steering  control  is  a twelve-bit  digital  signal. 

Eight  bits  control  a two-pole  switch  to  provide  outputs  con- 
sisting of  the  beams  on  either  side  of  the  desired  direction. 

The  remaining  four  bits  control  the  interpolator.  This  is 
shown  as  a pair  of  hardware  multipliers.  If  the  binary  value 
of  the  interpolation  code  is  a,  then  one  beam  is  multiplied  by 
a and  the  other  by  16-a.  The  two  weighted  beams  are  then  added. 
All  of  the  bits  generated  by  the  multipliers  should  be  carried 
into  the  adder.  The  adder  output  can  be  truncated  to  the  number 
of  bits  which  are  present  at  the  beamfoxmer  output.  Note  that 
360°  coverage  can  be  obtained  by  adding  an  additional  bit  to 
the  switch  control  and  the  180  beam  inputs  from  the  other 
array.  This  requires  that  the  two  beamformers  have  a common 
clock. 
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